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[57] ABSTRACT

An air conditioner control system comprises an air
conditioner which includes a heating unit, a cooling unit
and an internal thermostat, a switch unit for activating
the air conditioner and a sensor unit for controlling
operation of the switch unit. The sensor unit includes a
sound level detecting circuit and an air temperature
level detecting circuit and is positioned so as to sense
the sound level and temperature level in the room in
which the air conditioner is installed.

In operation, if the sound level rises above a threshold
associated with occupancy of the room, the air condi-
tioner is activated and the heating and cooling units are
controlled by the internal thermostat. When the sound
level falls below the threshold, after a preset period the
air conditioner is activated only when the room temper-
ature departs from a temperature range which is preset
in the unit.

6 Claims, 4 Drawing Figures
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CONTROL SYSTEM FOR AN AIR TEMPERATURE
~ CHANGING UNIT

This invention relates to a control system for an air
temperature changing unit. |

The term “air temperature changing unit” as used
herein is intended to include in its meaning an air heat-
ing unit such as a radiator, an air cooling unit, or a
combined air heating and air cooling unit.

In presently known control systems for air tempera-
ture changing units, the unit is controlled by a clock and
also by a room thermostat. Whilst such systems prevent
operation of the unit when the air temperature is within
a desired range and also at certain times of the day,
these systems permit the unit to be operated to maintain
the temperature within the desired range when the
room in which it is situated is not occupied and so en-
ergy is used unnecessarily. .

It is an object of this invention to provide a new or
impmved control sytem for an air temperature chang-
ing unlt in which the above mentloned problem is over-
come.

Accordlng to this mventlon there is provided a con-
trol system for an air temperature changing unit com-
prising sound detecting means, temperature sensing
means, and means responsive to the sound detecting
means and the temperature sensing means for activating
an air temperature changing unit.

This invention will now be described in more detail,
by way of example, with reference to the accompanying
drawings in which: |

FIG. 1 1s a block diagram of an air conditioner con-
trol system embodying this invention;

FIG. 2 is a circuit diagram of the current control unit
forming part of the system shown in FIG. 1, and

FIGS. 3A and 3B form a circuit diagram of the sensor
unit forming part of the system shown in FIG. 1.

Referring now to FIG. 1, the system there shown is
installed in a room in which it is desired to control the
air temperature. The system comprises an air condi-
tioner unit 10, a current control unit 11, and a sensor
unit 19. The current control unit 11 has input terminals
12 and 13, power input terminals 14, 15 and 16 and
output terminals 14, 15 and 16 and output terminals 17
and 18. The air conditioner 10 and the terminals 17 and
18 are connected in series between a mains live terminal
L and a mains neutral terminal N. The power input
termmals 14 and 16 of the unit 11 are connected respec-
tively to the mains terminal N and the mains terminal L,
and the power input terminal 15 is connected to a mains
earth terminal E. The input terminals 12 and 13 of the

unit 11 are connected to a pair of output terminals 21

and 22 of the sensor unit 19 by a pair of conductors 23
and 24 and the sensor unit 19 is positioned where it can
sense both the sound level and the air temperature level
of the room. The air conditioner unit 10 comprises an
air heating unit, an air cooling unit, and a thermostat
positioned to sense the temperature of the room. When
the air conditioner unit 10 is activated, if the air temper-
ature falls below a predetermined range the air heating
unit is energised and when the temperature rises above
a second and higher predetermined value the air cool-
ing unit is energised. The system shown in FIG. 1
would normally be installed in a room subject to vari-
able occupancy.

As shown in FIG. 2 the terminals 14 and 16 of the
current control unit are connected across the primary
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winding of a transformer 25, the secondary winding of
which 1s connected across the input terminals of a full
wave rectifier 26. Terminal 15 is connected to an earth
rail 27. The negative output terminal of rectifier 26 is
connected to the earth rail 27 and the positive output
terminal is connected to the earth rail through a
smoothing capacitor 28. The positive output terminals
also connected through a fuse 29 to a 12 V rail 30.
The 12 V rail 30 is connected through a relay wind-
ing 35 bridged by a diode 36 to the collector of an NPN
transistor 37, the emitter of which is connected to the
earth rail 27. The 12 V rail is also connected to the
emitter of a PNP transistor 38, the collector of which is
connected through a resistor 39 and a resistor 40 to the
rail 27, the junction of resistors 39 and 40 being con-
nected to the base of transistor 37. The rail 30 is con-
nected through a resistor 41 to terminal 12 and terminal
12 1s connected through a resistor 42 to the base of
transistor 38. The relay coil 35 controls a set of nor-

mally closed relay contacts 43. The contacts 43 are
connected to the terminals 17 and 18.

Referring now to FIGS. 3A and 3B, the terminals 21
and 22 are connected to the input terminals of a full
wave rectifier 50, which is provided as a polarity cor-
rector, and the negative output terminal of which is
connected to a 0 V rail 51 and the positive output termi-
nal of which is connected to a 12 V rail 52. The 12 V rail
52 is connected through a resistor 53 to the cathode of
a 5.6 V zener diode 54, the anode of which is connected
to rail 51. The cathode of zener diode 54 is connected to
the base of an NPN transistor 55, the collector of which
1s connected through a resistor 56 to rail 52 and the
emitter of which is connected through a smoothing
capacitor 57 to rail 51. The emitter of transistor 55 is
also connected to a 5 V rail 58.

The sensor unit 19 includes sound level detecting
means 60 comprising a pair of resistors 61 and 62 and a
microphone 63 connected in series between the rail 58
and the 0 V rail 51. The resistor 62 and microphone 63
are bridged by a capacitor 64. The junction of resistor
62 and microphone 63 is connected through a capacitor
65 to the non-inverting input of an operational amplifier
66, the output of which i1s connected through a variable
resistor 67, a resistor 68 and a capacitor 69 to rail 51.
The junction of resistors 67 and 68 is connected to the
inverting input of amplifier 66. The output of amplifier
66 1s connected through 4 resistor 70 and a capacitor 71

- to rail 51, and the junction of resistor 70 and capacitor
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71 is connected through a resistor 72 to the junction of
the junction of resistor 68 and capacitor 69. There is
also provided a potential divider comprising three resis-
tors 75, 76 and 77 connected in series between rails S8
and 51. Resistor 77 1s bridged by a capacitor 78 and the
junction of resistors 76 and 77 1s connected through a
resistor 79 to the non-inverting input of an amplifier 66.
In operation, amplifier 66 together with the associated
resistors and capacitors functions as an AC amplifier the
gain of which may be adjusted by the variable resistor
67. The resistors and capacitors associated with ampli-
fier 66 are selected and arranged so as to give attenua-
tion at both low and high frequencies so that the device
1S insensitive to low frequency sounds such as passing
vehicles and high frequency sounds above the audio
frequency band.

The output of amplifier 66 is connected through a
resistor 80 to the non-inverting input of an operational
amplifier 81. The inverting input of amplifier 81 is con-
nected to the junction of resistors 75 and 76. The output
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of amplifier 81 is connected through a resistor 82 to the
‘anode of a light emitting diode 83, the cathode of which
1s connected to the rail §1. In operation, when the room
is occupied so that the sound level detected by the
microphone 63 exceeds a predetermined level which
may be set by adjusting resistor 67, a signal is provided

at the output of amplifier 81 thereby energising the light

emitting diode 83 which operates as a sound level indi-
cator, The output of amplifier 81 is also connected to
- the base of an NPN transistor 84, the collector of which
1s connected to rail 58 and the emitter of which is con-

4 _
also includes a resistor 325, a further resistor 326 and a -
variable resistor 327 connected in series between rails 58
and 51, the junction of resistors 325 and 326 being con-
nected to the collector of transistor 323 and also to the
non-inverting input of amplifier 102. | |

The resistors 315 and 327 are both associated with

- temperature scales and, in use, the resistors 315 and 327

10

 nected through a resistor 85 and a capacitor 86 to rail

51. The capacitor 86 is bridged by a resistor 87 and a
variable resistor 88. The junction of resistor 85 and
capacitor 86 is connected through a resistor 89 and a

“capacitor 90 to the earth rail 51, and the junction of

- resistor 89 and capacitor 90 is connected to the invert-

“ing input of an operational amplifier 92. The output of
amplifier 92 is connected through a positive feedback
resistor 93 to its non-inverting input, and the non-invert-
ing input is connected through a resistor 94 to the junc-
- tion of resistors 76 and 77. The output of amplifier 92 is

‘connected to the inverting input of an operational am-

plifier 304, the non-inverting input of which is con-
- nected to the junction of resistors 76 and 77. The output
~of amplifier 304 1s connected to the anode of a diode
305, the cathode of which is connected through a resis-

. tor 306 to a rail 307.

In operation, when an output signal is provided by
~ amplifier 81, capacitor 86 is charged through resistor
85. When capacitor 86 charges, after a delay determined
by resistor 89 and capacitor 90, the output of amplifier
92 goes low thereby providing a high signal on ampli-
fier 307. When amplifier 81 ceases to produce an output
- signal, the output of amplifier 92 goes high after a delay
determined by capacitors 86 and 90 and resistors 87 and

88. Resistor 88 may be adjusted so that the duration of |

this delay lies within the range of 15 seconds to 5 min-
~utes. The resistors 89 and capacitor 90 are selected so
that they have a time constant of approximately 150 mS.
~~ The unit 19 includes temperature sensing means 303
- which comprises a negative temperature coefficient
resistor 310, a resistor 311, and a variable resistor 312
- connected in series between rails 58 and 51. The junc-
- tion of resistors 310 and 311 is connected to the invert-

-ing input of an operational amplifier 102. The tempera-

~ture sensing means 303 further comprises a resistor 313,
- a resistor 314, and a variable resistor 315 connected in
- series between rails 58 and 51. The junction of resistors
- 313 and 314 is connected to the non-inverting input of
an operatlonal amplifier 316, the inverting input of
which 1s connected to the junction of resistors 311 and
310 Each of the amplifiers 66, 81, 92, 304 comprises one
quarter of a type LM324 operational amplifier and am-
plifiers 316 and 102 each comprise one half a LM358

operational amplifier. The non-inverting input of ampli-

fier 316 is also connected to a terminal 317 which is

associated with a further terminal 318 connected to rail
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and adjusted respectively to correspond to the maxi-
mum and minmimum acceptable temperatures of the

room when it is unoccupled The resistor 312 1s pro-
vided for calibration.

The output of amplifier 102 is connected through a
resistor 107 to its non-inverting unit and through a resis-
tor 110 and a further resistor 111 to rail 51, and the
junction of these two resistors is connected to the base
of an NPN transistor 112. The emitter of transistor 112
is connected to the rail 51 and its collector is conneoted
through a resistor 113 to rail 52.

When a high signal is present at the output of ampli-
fier 102, transistor 112 turns on thereby conducting
current through resistor 113. This current is sensed by
resistor 41 in the current control unit 11 and causes
transistor 38 to turn on thereby turmng on transistor 37

and energising relay coil 35 and opening relay contacts

43. When a low signal is present at the output of ampli-
fier 102, transistor 112 is off and consequently transis-
tors 38 and 37 are off and contacts 43 are closed.
As may be appreciated, transistor 112 and its associ- -
ated components operate as a signalling means whilst
transistor 38 and resistor 41 operate as a receiving
means. This arrangement enables the sensor unit 19 to
be positioned remotely from the current control unit 11.
In operatlon when the room is occupied so that the
sound level is sufficient for amplifier 81 to produce an
output signal, rail 307 goes high thereby turning on
transistor 323 and causing the output of amplifier 102 to
go low. Consequently, the air conditioning unit 10 is
activated and the heatlng and cooling units are con-
trolled by its internal thermostat. When the room is
unoccupied, the output of amplifier 304 goes low
thereby removing the high signal from rail 307. In these
circumstances, if the room temperature rises above the
maximum temperature as set by resistor 315, the output
of amplifier 316 goes high thereby SWitohing on transis-
tor 323 and causing the output of amplifier 102, to go
low. Consequently, the air conditioning unit 300 is acti-
vated. As the resistor 315 should be set to a temperature
which exceeds the maximum temperature of the internal

- thermostat of the air condltlonlng unit 10, this will re-
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51. As will be described below, terminals 317 and 318

may be connected by a removable link. The output of
amplifier 316 1s connected through a resistor 319 to its
‘non-inverting 1nput to provide hysteresis. The output of
_' amplifier 316 is connected to the anode of a diode 320,
-the cathode of which is connected through a pair of
resistors 321 and 322 to rail 51. The junction of resistors
-321 and 322 is connected to rail 307 and also to the base
~ of an NPN transistor 323, the emitter of which is con-
- nected to rail 51. The temperature sensing means 303

60

65

sult in the cooling unit being energised. If the room
temperature falls below the minimum temperature as set
on resistor 327, amplifier 102 will again go low thereby

activating the air conditioner unit 10. As the minimum

temperature as set on resistor 327 should be lower than

that of the minimum temperature of the internal ther-

mostat of the air conditioning unit 10, this w1ll resultin
the heating unit being energised. | |

Thus, with the system of the present invention, when
a room is occupied, the temperature of the room will be
controlled in accordance with the internal thermostat of
the air conditioning unit 10 and, when the room is unoc-
cupled the temperature of the room will be controlled
in accordance with the temperatures as set on resistors
315 and 327. :

Referrmg again to FIG. 3B, the output of amphﬁer
102 1s connected through a capacitor 120 to one input
terminal of a full wave rectifier 121. The collector of
transistor 112 is connected through a further capacitor
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122 to the other input terminal of this rectifier. The
negative output terminal of rectifier 121 is connected to
the earth rail 51, and its positive output terminal is con-
nected to the rail 51 through a resistor 126 and to the
base of an NPN transistor 124 through a resistor 123.
The emitter of transistor 124 is connected to rail 51 and
its collector 1s connected through a rail 125 to the non-
inverting input of amplifier 81.

The rectifier 121 and transistor 124 and associated
components functions as blocking means for the sound
level detecting means 60 as will now be described. Each
time the output of amplifier 102 changes state, a high
signal pulse will be provided to the base of transistor
124 thereby turning on this transistor for a short period
and so preventing the output signal of amplifier 66 from
reaching the non-inverting input terminal of amplifier
81. The blocking means is provided so that the click
caused by operation of relay contacts 43 does not cause
the output of amplifier 81 to go high or capacitor 86 to
charge. Without this blocking means with the room
unoccupled each time the desired temperature was
reached, there would be a danger that the operation of
relay contacts 43 would cause capacitor 86 to charge
resulting in re-activation of the air conditioner unit 10.
Also, with the room unoccupied, there would be a
danger that the noise caused by operation. of relay
contacts 43 after the room temperature had fallen below
the predetermined value would cause capacitor 86 to
charge with the result that unit 10 would be energised
for the full delay period determined by capacitors 86
and 90 and resistors 87 and 88. This delay period might
well be longer than the period necessary for the room
temperature to rise again to the desired level. Also with-
out the blocking means, when a room became unoccu-
pied there would be a danger that the noise caused by
operation of relay contacts 43 would cause re-energisa-
tion of unit 10.

The reason for providing resistor 89 and capacitor 90
will be explained. When a room is initially occupied,
capacitor 86 is quickly charged by resistor 85 and the
voltage developed across resistor 86 is applied to the
non-inverting input of amplifier 92 after a short delay
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determined by resistor 89 and capacitor 90. The output

of amplifier 92 goes low thereby causing the output of
amplifier 102 to go low and so the signal applied to the
non-inverting input of amplifier 81 is removed for a
short period as determined by the blocking means. Dur-
ing this period, the capacitor 86 discharges. In the ab-
sence of resistor 89 and capacitor 90, this could cause
the output of amplifier 92 to go high again. However,
resistor 89 and capacitor 90 ensure that capacitor 86 is
sufficiently charged to prevent this happening by the
time the output of amplifier 92 goes low.

If 1t is desired to use the circuit shown in FIGS. 3A
and 3B to control only a heating unit, terminal 317 and
318 are joined by the removable link. Alternatively,
amplifier 316 and transistor 323 and their associated
components may be omitted. When the circuit is used
with only a heating unit, the heating unit will maintain
the air temperature above a first predetermined value
when the room is unoccupied and above a second
higher predetermined value when the room is occupied.

A heating unit controlled by the circuit of FIGS. 2
and 3 may take the form of an electrical heating element
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directly operated by relay contacts 43 or a radiator in
which the rate of heat output is controlled by a fan. In
this latter case the fan is operated by contacts 43.

It 1s to be appreciated that the system of the present
invention with suitable modification could also be used
with an air conditioner unit which comprises solely an
alr cooling unit. In such circumstances, the air condi-
tioner unit would maintain the room temperature below
a first predetermined value when the room is occupied
and below a second higher predetermined value when
the room is unoccupied.

If it 1s desired to increase the accuracy of the temper-
ature setting, resistor chains 313 to 315 and 325 to 327
may each be replaced by an operational amplifier to
provide the respective reference voltages. Each ampli-
fier has four resistors connected in parallel connected to
its mverting input and each resistor is connected in
series with a switch for setting the temperature.

When the arrangement shown in FIGS. 3A and 3B is
used to control only a heating unit, the circuit may be
modified so that the amplifier 316 controls room tem-
perature when the room is occupied. In this case, a
separate room thermostat is not used.

In another modification to the arrangement of FIGS.
1 to 3, a separate signal line is provided between the
sensor 19 and the switch unit 11 and so the transistor 38
may be eliminated.

I claim:

1. A control system for an air temperature changing
unit comprising sound detecting means, temperature
sensing means, means for activating an air temperature
changing unit, said activating means comprising signal-
ling means responsive to the sound detecting means and
the temperature sensing means for generating a control
signal and relay contacts responsive to the control sig-
nal for activating the air temperature changing unit, and
means for blocking the sound detecting means for a
short period each time said control signal changes state.

2. A system as claimed in claim 1 in which the activat-
Ing means activates the air temperature changing unit
when either the sound level rises above a predetermined
sound level or the temperature departs from a predeter-
mined temperature range.

3. A system as claimed in claim 2 further including
delay means for maintaining activation of the heating
unit for a predetermined period after the sound level has
fallen below the predetermined sound level.

4. A system as claimed in claim 2 or claim 3 further
including means for preventing activation of the air
temperature changing unit if the temperature lies within
a second predetermined range, said second predeter-
mined range falling with said first predetermined range.

3. A system as claimed in claim 4 in which the pre-
venting means comprises a room thermostat which is
separate from the temperature sensing means.

6. A system as claimed in claim 1 in which the actuat-
ing means further includes receiver means responsive to
the control signal from the signalling means for control-
hing the relay contacts, the sound detecting means and
signalling means being formed as one single unit and the
receiver means and the relay contacts being formed as

another single unit.
* ¥ %X ¥ %
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